Chiral HPLC coupled to electronic circular dichroism and laser optical rotation detection (HPLC-ECD-OR) permitted the on-line chiroptical characterization of both enantiomers of racemic flavanone (1) as ECD (-) 310 -OR (-) 670 -flavanone and ECD (+) 310 -OR (+) 670 -flavanone for the first and second eluted peaks, respectively. Calculation of the ECD spectrum of one enantiomer at the TD-DFT/DGTZVP level of theory yielded the (S)-ECD (-) 310 -OR (-) 670 and (R)-ECD (+) 310 -OR (+) 670 -1 absolute configuration, in agreement with the use of empirical rules for stereochemical assignment. Vibrational circular dichroism spectra of enantiopure compounds, obtained through fraction collection during repeated HPLC runs, were recorded and compared with theoretical traces produced from DFT calculations at the B3LYP/DGDZVP and B3PW91/DGDZVP levels of theory, which further confirmed the absolute configuration obtained from the on-line chiroptical data.
Flavanone (1) is the parent molecule of a well known series of flavonoids mostly found in citrus fruits [1] . The chiroptical properties of 1, and several other flavanones, were studied in the early seventies of the last century mainly by Gaffield [2, 3] and Snatzke et al. [4] . These studies showed the close relationship between the electronic circular dichroism (ECD) and optical rotatory dispersion Cotton effects, particularly those related to the n  * and  * transitions, and the absolute configuration of the compound was established. Based on these studies, the absolute configuration of other natural flavanones has been established over the years [5] . In the most recent case of (-)-naringenin, these stereochemical assignments have been confirmed through ab initio calculation of optical rotation (OR) values and ECD spectra [6] , as well as by using other chiroptical techniques such as vibrational circular dichroism (VCD) [7] . Furthermore, the importance of the simultaneous use of different chiroptical techniques to establish the absolute configuration of chiral compounds, which have been proven over the last few years, is also worthy of notice [8] [9] [10] [11] [12] [13] .
Although the absolute configuration of 1, assigned from these empirical determinations and other chemical studies [14, 15] , seemed secure, the use of a chiral separation of the racemic mixture came to our attention, in a demonstration of the capabilities and differences between electronic circular dichroism and optical rotation detectors [16] . While in this comparison the greater sensibility of the first technique over the second becomes evident, it is also clear that the online determination of these two chiroptical properties, either simultaneously or during the same analytical session in one or several HPLC runs, can lead to many advantages in several stereochemical scenarios like the case of a nonasymmetric synthesis pathway starting from a racemic mixture, to yield new racemic mixtures at each step, making it highly desirable to obtain chiroptical data for all prepared compounds, without the need of alternative asymmetric reactions or semi-preparative isolation of single enantiomers. Furthermore, the use of empirical assignment rules or ab initio calculations to link the chiroptical data to a particular absolute configuration, would finally lead to the full stereochemical characterization of a given racemic mixture. In this context, we decided to apply the HPLC-ECD-OR methodology, together with TD-DFT calculations, to the assessment of the absolute configuration of 1, which appears to be a good candidate for this approach.
When using a cellulose-derived chiral column under normal phase conditions [17] , baseline separation of 1 g of racemic 1 was achieved, and simultaneous detection of UV and ECD signals at 310 nm was obtained without saturation of the detectors. Nevertheless, the polarimetric detector did not produce any distinguishable optical rotation peak with this amount of sample, highly likely due to its lower sensitivity compared with the ECD detector.
Since obtaining both chiroptical properties in the same HPLC run would be ideal, the logical step to produce better results for the polarimetric detection was to inject a larger amount of sample, sufficiently increasing sample concentration in the polarimetric detector cell, but without saturating the more sensitive ECD detector. This was achieved by injection of 10 g of racemic 1, which produced well-defined optical rotation signals and revealed the ECD (-) 310 -OR (-) 670 and ECD (+) 310 -OR (+) 670 chiroptical relationships for the first and second eluted peaks, respectively.
In order to link the measured chiral properties to an absolute configuration, calculation of ECD parameters that can be compared with the experimental data is needed. To do so, calculations using the TD-DFT methodology were undertaken at the B3LYP/aug-cc-PVTZ level of theory, starting from the lowest energy conformation of (S)-1 (Figure 1 (S)-1 Table 1 shows the experimental optical rotation values of both enantiomers of flavanone (1) . When these values were compared with those calculated using TD-DFT methodology at the B3LYP/aug-cc-pVTZ level of theory it turned out that the calculations predict the correct sign, but the values were some five times greater than the experimental ones. These calculations were repeated at the lower theory level B3LYP/aug-cc-pVDZ, which again provided the correct sign, while the values were some three times greater than the experimental ones. A literature search revealed that for the flavanone (-)-naringenin [6] , a similar situation arose, but with the calculated values being one order of magnitude higher than the experimental values, and therefore no further attempts were made in our work.
In addition to the on-line HPLC measurements of ECD and OR, repeated automatic overnight fraction collection under the same analytical conditions was used for the isolation of both flavanone enantiomers. From these, infrared (IR) and vibrational circular dichroism (VCD) spectra were measured and compared with theoretical spectra produced from DFT calculations at the B3LYP/DGDZVP and the B3PW91/DGDZVP levels of theory, for each of the two enantiomers ( Table 2, 
and Figures 3, 4 and 5).
Comparison of the VCD data showed, with 100% confidence, the absolute configuration is (S)-ECD (-) 310 -OR (-) 670 -1 and (R)-ECD (+) 310 -OR (+) 670 -1, for the first and second eluted peaks, respectively, confirming the HPLC conclusions.
Furthermore, and contrary to the case of the meroditerpenoid zonaquinone acetate [18] , in which the use of the more computationally expensive B3PW91 hybrid functional resulted in better results compared with the B3LYP hybrid functional, in the present case the B3LYP functional produced better results as evidenced by the numerical comparison values given in Table 2 .
ECD intensity (mdeg)
Wavelength (nm)
Rot. strength length in cgs (10 -40 ) Table 2 . Table 2 .
These results show that while the vibrational modeling of the quinone moiety in zonaquinone acetate needs a higher electronic correlation level like the B3PW91 functional, the chromanone system present in 1 can be well modeled with the widely used B3LYP functional.
Experimental
General: Flavanone (1), mp 76-78°C, was obtained commercially (Aldrich) and used without further purification for HPLC separation experiments. Optical rotations were determined in chloroform solutions on a Perkin-Elmer 341 polarimeter, except for the 670 nm values, which were obtained directly from the HPLC analyses using the Gaussian peak model [19] .
HPLC analysis: Chromatographic analyses were made using a Shimadzu HPLC chromatograph equipped with LC-20AT and LC-10ADvp pumps, SIL-10Avp autosampler, CTO-10Avp column oven, FRC-10 fraction collector and SPD-20A UV-Vis detector. Coupled to this array, a JASCO CD-2095plus CD detector and a PDR advanced laser polarimeter detector were used for chiral detection, and UV, ECD and OR signals were acquired using JASCO ChromPass software. Baseline separations were achieved using a Phenomenex Lux Cellulose-1 column (150 mm x 4.5 mm, 5 m) under normal phase conditions, with a mobile phase composed of n-hexane/isopropyl alcohol 9:1. Flow rate was set at 1.0 mL/min and the column temperature was maintained at 25ºC during the analyses. Simultaneous UV and ECD detection was monitored at 310 nm, while optical rotation detection was measured at 670 nm. UV and ECD spectra between 220 and 420 nm were obtained by stopping the mobile phase flow while each enantiomer was in the CD detector.
VCD measurements: IR and VCD spectra were measured on a BioTools-BOMEM ChiralIR FT-VCD spectrophotometer equipped with dual photoelastic modulation. Samples of 4.9 and 5.1 mg of (R)-1 and (S)-1, respectively, were dissolved in 150 μL of 100% atom-D CDCl 3 and placed in a BaF 2 cell with a path length of 100 μm. In both cases data were acquired at a resolution of 4 cm -1 during 6 h. Samples stability was monitored by 300 MHz 1 H NMR spectra immediately prior to and after VCD measurements.
DFT calculations:
A systematic conformational search for 1 was started using the molecular mechanics force field implemented in the Spartan'04 software package (Wavefunction Inc, Irvine, CA 92612, USA) considering a 10 kcal/mol energy cutoff above the global minimum energy value. The 2 obtained conformers were submitted to geometry optimization with the Gaussian 03W software package (Gaussian Inc, Wallingford, CT 06492, USA) using the B3LYP and B3PW91 hybrid functionals and the DGDZVP basis set, and then the IR and VCD frequencies were calculated at the same level of theory. A Boltzmann distribution, using the free energy values obtained at the first level of theory, showed that only one conformation accounted for 98.7% of the entire population, and, therefore, all the calculated properties were obtained considering only this low energy conformer. IR and VCD frequencies were scaled using the anharmonicity factors given in Table 2 , which were estimated using the CompareVOA software (BioTools Co, Jupiter, FL 33458, USA) [20] , and plotted as Lorentzian bands with half-widths of 6 cm -1 . Calculated ECD spectra were obtained from the rotational strengths of the first 10 single excited states calculated at the TD DFT B3LYP/aug-cc-PVTZ level of theory, which were then plotted as Gaussian bands with half-widths of 10 nm.
